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AIRPLANE FLIGHT IK-. THS STRASEO SPHERE* 
.* By^ Ugo. de. Caria . - - 

The s-trejtospiaeric. ascensi on: of.. Erof es.so.r Piccard and 
tlie recent attempts in. various countries to- reach the 
strc?.to sphere ^vith airplanes have attracted; the... attention 
of technic! sts to. th.e. problems of higli-al ti tude flight-. 

Although these first attempts were chiefly for.scien 
tific purposes, airplanes capalJle of flight ■; in . the . strat- 
osphere Would hPvVe inestimable advanta.ges from ooth mili- 
tary. a,nd co.mmercial viewpoint s..- . From: .the . mild ta.ry- view- 
point they would have . almo st • ah solute Inyulnera-hility-^ . 
For commercial purposes they C9uid. attain -very high 
speeds without increa.sing the specific fuel consumption. 

We r/ill illustrate the latter point. From the fun- 
damental equations of uniform level flight 

Q = P. Cp- s : (1) 

n = P Or S V3 (2) 

in which." is the weight of the , airplane ' (kg), tf] the 
necessary power (kgm/s), P the air density' (kg s^/m^), 
S the wing area (m^), V the tr anslational speed (m/s), 
and Gp and Or the respective absolute coefficients of 
lift aTnd drag, we readily ohta^in 



V / ^ (3) 

n = Q ^'V (4) 



It follows from equation (3) that variations in speed can 
oe effected by two means, either by va.rying the* densit;/ 
P through changes in the flight altitude, or by varying 
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the lift coefficient Cp through changes in. the attitude 
of the s,irplane. In the former case, with constant C-p 
and Cri the Lpb.werh:ahso'r^ alw-'ays varies in .proporti on 
to the speed, since the head resistance rema.ins constant. 
In the latter case, on th'e' contrary , Cp and Cj. vary, 
and the power ahsorbed varies correspondingly. 

If ' -we- assumie- the attitude of maximum efficiency at 
which- • the'" ra'tio"' ' C^/C'^ is minimum and therefore the head 
r e'si s-ta-nce" is minimum, we know that, for every increase 
in 'Speed, t'here is an accompanying increase in power, 
which is much less when the increase in speed is obtained 
hy^ changing' the altitude, than when it is obtained by 
changi'ng' 'the"- at t i tude of the ' ai'rpl ane • 

■ ■■ -For' > 'example as-sume that the airplane' polar 

is a-s'-pio tted in- Flgur^^ and that the wing loading is 

50 ks/m2- ■■(io;24'lb-,7 Equations (3) and (4) then 
become' ' • 



/ 50' ^■ 



Cp 



If we e.xpr e s s the . sp eed in km/h and the specific power 
n/O; i-n.. hp/ton .(me VricJ .. and . al so introduce the. relative 
density V ; /, 

6 = = -JT--^ - 8 - p. 
Po 0.125 



we obtain 



V = (5) 



- = 266.67 --^ (6) 

In Figure 2- t-he continuous, line is the curve for the spe- 
cific power a.t sea level plotted against the translation- 
al speed., while the straight dash line represents the sp.e- 
ci'fic' power required for uniform level flight at constant 
a,ttitude of maximum efficiency, "but at various altitudes. 
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On this line- are 'do-ts'-.a-nd. numbers- ' indacat^^ various 
altitudes (km). It is seen that for 200 kn/h (124 mi./ 
hro) the power required at.a,n altitude of 10,000 m (32,808 
ft,) is. only about-.half " that " r'equi red at "sea level, 'and 
that; the\ variation -.increases as the speed- decreases;. Sim-* 
ilarly, yrith- the spiecific power -bf-'iOO hp/ton*, -a-' ^p6ed of. 
200 km/h was \ oht ained at sea Ifevel ' and atout ' 3 90' km/h (242 
mi«/hro) at- 19,000 ..m.. (62,.335 f t.) . r- Heiice if ' i't' is assumed 
that the fuel consumption 'iig. ptojiortidhal to • the power,' 
independently .'of .the . alt it'ude the f uel • do-nsuinpt i on per 
kilometer in "both, these' .'cases i s only about half w \ 
Would be at se-a .leTel i' ■ ■.••■.*• ■ ■ 

:.In . practice the- . results are not quite so favorable. ' 
The problem would be solved, if we had ' a propeller capable 
of exerting a unif orm * tractive force, independently of the 
altitude and spee.d,: .iaocording t o • the " sujieravi at i on " in.- 
troduced by Prof e sso-r ;0'r.occo.. • In' such a' case there would 
have been. no. altitude nor^ speed limit s, ' *at^" -ie'ast- in' the 
field of .subacousti'c velocities. 

There is no immediate pro spect^,. however, of ob'ta.ini.ng 
such a propeller.,, mainly because 'we- do not yet have suf- ' 
ficiently powerful • explosives. ' Explosives are necessary 
because they alotie . can • f urni sh sufficient power at' such 
hiigh altitudes-, where the air is too rarefied- to support, 
cojnbu-stion and wh6re it is not possible, due to the ex- 
cessive wei-ght of the containers, to. carry the necessary ; ' 
oxygen, .even in : the - liqtiid/ f orm. 

.. Explosion engines are uot. suitable for stratospheric '. 
flight because their poweii/.is closely related to the den- 
sity of the ^ir. The indicated power of such engines is 
in fact proportional to the weight of the air. drawn. in per 
unit of t ime but . since this"- air must be accumulated at . 
a constant volume -during eacli cycle, the indicated power 
is it self proport.io'nal to the density of * the air. On the" 
other hand, .the mechanical losses, at' least for a consid- 
erable fraction, may be considered independently of the 
indicated power.' For .-this reason- thd .effective power of 
an .ordinary explo si'on engine decreases, with increasing* 
altitude,; sti'li more rapidly than • the atmo spheric density. 
Hence there is an • al ti tude ' aiidut 20,00<) m (65,615 ft.), * 
at which the effective power of ordinary explosion en- 
gines becomes :,2ero', because the indicated power barely 
offsets the mechanical losses. 



4 ' ■ IT . A . C . A', ■ 'T e dii'n i c al lie mVr aiil a'Tim' II o \ 'S 60 ' ' " 

iToit 'mucji' tetter"' re stilt's ar^^^^ "oft ained ' with, so-called 
hi.gh-al.fi tude . eiigi'ixe s , \whe.ther supercharged, superdimen- . 
sioned, ' or." provided' with compr e$ sor s all" of' which- fur n--. 
i sh at se/aJ level 'what/ is" commonly termed, " equlvalen't or * 
ideal " power tut /^whi ch", . due t p_ the " keakne ss of thpir .. " ' 
parts- and to., the self-ignitions which o.ccur/. cannot" he 
used beyond a. cert ain valufe- of ' the torque', which," however, 
is maint aihed". up" to. a certain altitudec " Ahoy'e" "the. range 
of this "ideal power," however i the." variation in the power 
with the >vltitude alm;bst, equalW that of ordinary engines. 
The altitude at which" the power "becoides . zero is also ap- 
proximately the same. 

in order., to avoid these .difficulties, Various theo- 
retical solutions are prop'osed, including the variation 
dtiring. f.light','. in prop.o'rtipn to 'the' decrease in the den- 
sity of. the air", either of the compression ratio of the 
en^^'iiie or .even of the t ran.smi s si on ratio hetween the en- ' 
gine a.nd the compressor. The fir.st Solution, however, 
presents excessive mechanical difficulties, aside from 
the fact that there would always he a. practical limit in 
the reduction .of the vo.lume of the cpmhusti oh chamber 
The second solution., which' would reqil'ire;' aJnong other. * 
things, . a change in speed between the' eiigihe aiid the com*^ 
pressor, woul.d also, not give very satisfactory results, 
either because the peripheral yelocity. of the propeller' . 
ca.nnot exceed a certain "value, or because, the efficiency 
of the compressor is always' low, and there would accord*- 
ingly be an altitude at which all the power '.supplied ' by 
the engine would be abs.orbed by the compressor. . 

A third solution,' aiid perhaps th.e be^t from the theo- 
retical viewpoint," is that, of. the turboconipr'es sor , which 
comprises a turbine driven by the exh-aust gases and con-., 
vected with a' centrifugal .conpressor. . The* higher pres- 
sure of ,the *.e.xhaust !gase''s., as. compared, witjl that' of the'' 
atmosphei;e is thus ut i 1 ized wi th the** result that the • 
angular, velocity .and the., power supplied to the .compressor 
increase .with .the al ti tude while t.he." power 'furnished by ' 
the engi.ne remains constant. ilever thel e s.s this system is 
not rec'ommended by the expe.rience. of rece'nt y.ears', espe- 
cially .for the exces.sL ve .peripheral ye^locitie*s .necessari- 
ly atVained' by the turbine and for the high temperatures 
reached; .by'. the turbine' "vanes. 

Due to the above-^mentione'd * c'onsideVati'ohs , Colonel 
Italo Raffaelli, in. an interesting article in the Septem- 
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bar (1921,) number of 'R-ivi-sta Aeronautica, advocated- the 
adoption" of'- fete am engines* for' airplanes designed to fly. 
at very- high altitudes . The functioning of* steam engines' 
i s -in- f ac t , quite different from that of explosion eh-. 
gines. The power furnished .hy the latter is, indeed^-'* 
also affected by the weight of the air inducted per unit 
of "time/'^tLt-, in order to keep this weight constant, it 
is not neces-fear-y to- resort to compressors, since" it suf- 
fices to ' i-n creaks e /Wi-^h^ altitude, the opening of the" - 
air-^inl'et v'alire or the 'intake velocity, which latter is ' 
accompli she'd" in 'part'- automatically "by 'the effect of the 
greater translational speed of -the ■ airplane at high alti- 
tudes, ■ ' ■ 

The power- furni shed "by " a steam 'engine can therefore' ' 
he Icept cons-tant -to any al'ti tude-,- -itt- least so long as 
there is enough' oxygen in' the- atmo'sphere • Th.e" low tem- 
peratures existing at' hlgh^ltitudes, together with the 
high translatiohal' speed, Would facilitate' the condensa- 
tion of the steam and thus apprecia'bly increase the power 
and efficiency of the engine. It is known, moreover, 
that- the first atteiapts to fly were made with steam en- 
gines, which were soon abandoned, however, because of 
their exicessive weight and high specific fuel consumption. 

With the progress in naval engineering, the steam 
engine has been greatly improved, although the problems 
of lightness and fuel* consumption are not so important 
for ships. ^ There are now, in* fact, on' some German tor- 
pedo boats, complete engines whose weight does not exceed 
5 kg (13,2 Ih.) per hp and" whose fuel consumption is less- 
than 260 grams (0.573 lb.) per horsepower-hour. 

Their weight is still rather great, in comparison 
with that of explosion engines, but it should not be dif^' 
ficult to reduce it. to 4 kg (8.8 lb.) per hp, as predict:-^' 
ed by Rafiaelli in the article referred to. If the com- 
parison with explosion engines is made at high altitudes," 
instead of at sea level, the steam .engi-nes have ^ the ad- 
vantage. Taking, as the basis of comparison, a weight of 
0,8 kg (1.75 lb. V per hp for explosion: Engine's.:, which is 
one-fifth -of that predicted for st'eara "engine's , conditi ons 
would be equal at an altitude of about 11,000 m (36,090 
ff.), at which height the power of explosion engines is 
only one-fifth of their power at sea level, *' At altitudes, 
above 11,000 m (which have actually been attained), .the 
advantage would be with the steam engines.. 
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. As regards.- the- f.ael.-.cpijsui^iprt^ 0,26-. kg {G>573 . 

l^bi) per horsep<p.wer-:liour , - thi-s,-. 1 s. only a little more: than 
that- of, ordinary.- eocpLosion engines at- sea- level and -is- 
con.s-idera.b-ly less*-; than • that- of .the . latter at high alti-, 
tudes^- \ . : :• • ;/•■-;.••'•:•.' • ■ : * . ■ •• 

• .:• As- reg-ard-s .the • jBng-in.e., we. think. th.e predicted weight 
i s.- su-scep title . of:, r educt i-on.-. Col<)nei Raf f aelii , in the 
ar.:t.i,el-e ; referred t-p j priodie.ts. the- use; of superheated ster.m 
at ores.sures of, 50 to:\lpp.:- atmp sph.ere;S, •; It mdght be ?oet- 
ter^to a'ttain the.: cri t-i cal.: -temper At. u water, •■374^0 •. 

(.705>2^?-> ) • whipii... co.rr:esp..o?ids ^ tp.. a..^ of 225 kg/Gm-^-. 

(3200 Ih « /sq. in, ) , At this temperature, v/ater passes 
from the liquid to the gaseous state without change of 
volunre^'aoad; wi-tlioyi^t :--th-e formation ; of /pupblo'S , thus ohyiat- 
ing the :need o-f .^i; receptacle -for- th-e--st.eam> ... T-he-.-boiler 
could . the.r.ef ore bp re.-dup.ed.-.i'to-v a • simple; coil.-,' to.- which the 
wat.er : cpu.ld ^e . isupplip/dr, under; pre ssure by. a pump,- with 
gr.eat - advantages-, as- regards: bulk and. w.eight... and the small- 
e-r quantity .o.-f wat er .• i^i-- th<?- boiler, 

•More.ov.er> the ■spec-ific heat . of- saturated -steam is 
minimum -at ■ the. cri t ic-?.!;; pr e.ssure,, whenc.-e <also f,or this , 
reason-,, •with equal! ty -Orf -hourly production of - steam, the 
dimensions of the boiler can be reduped to the rainimum. 
The low: heat cpntent. doe a. not- invpive. *a gr-eater consump- 
tioii of • steam than, at . normai-/p.r e.s su^ due to the fact 
that, in -starti^-g wit h- -the-. cr.i t i q-al conditions, the spe- 
cific-heat pf" 0,5 is. .re.ached almost at- the beginning of ■ 
the expansion and thi s specif ic. heat . i.s- held . almo st . con- 
stant at any final- expansion- pre-ssure., - Since,, in^ -start- 
ing, instead'.,. ■ fr.om. satur-a,ted stefiim- under^ any. other pres- 
sure, or, still worse, in starting from superheated stea::.i, 
the final- specific he:at . wpuld always, b-e. above 0,.5, this 
f act Srimult anepusly 1 ead:s • to- the b'e st- u^ of the 

thermal-, en.ergy pf ste£»-m and^ t o the: reducti.on :to the min- 
imum, of .-the- re s.i dual-. -heat. .ab.sprbed, i.n- the condenser, 
H.ence the; dimensions. .and -wei-ght -of-, the; condenser -are. also' 
reduped-.to ..the minimum* . .-. -;- 

A.fe^w ;£;\igure^; may; -make', thi s clearer,. ^. The total heat 
of vi5.pori;Z:atlpn .of /-wat er :at. 2.25 . kg /c.-m5 :^32.Q0 lb . /sq, in.. ) ' 
and 374°:q. (705.2..°.?-. ) 'i-s 501 • c.al.orii.e s^ '..5e- assume ,- for. rea- 
sons" which-. will he-come., apparent , .that; -.-the- condenser con- 
tains a .50^ yac.uu-m-j.-- pr-.a pre&sure of; 0..5 kg/cm2- .(7,11 lb./ 
s q , 1 n^, ) . at .a; t e mp e r atur e • p f . • -S-l ^ C . ,'(.1 .7 7. 8 P ?- . 0 . Considering, 
that the specif ip: .he-at; -at -the tur.bi.ne; -,ou.jtlet i s- 0', 5 , .the. 
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final, th'ermal content is 356 calories. ThiB' quantity of 
heat corresponding to the pressure increase is therefore* 
145 calories per kilogram of steam, equivalent to. 0.229 
hor sepbv7er-hour . Assuming a to tal ' turbine efficiency of 
80^, which can at least be obtained at high powers, the 
steam consumption is 5.45 kg (12.04 lb.) per horsepower- 
hour, developed by the turbine. 

It is necessary, however, to take account of the en- 
ergy absorbed by the pump", which must draw the water from 
the condenser at a^pressure of 0.5 kg'/cm^ (12.04 Ib./sq.in.) 
and force it into the boiler at a pressure of 225 kg/cm^' 
(3200 Ib./sq.in.)., By a simple calculation,' taking ac- * ' 
count of the efficiency, it is found that the pump absorbs 
about 5fo of the' power f urni shed • by the turbine. Talcing 
this into account, the consumption of steam amounts to 
5^75 kg (12.68 lb.) per horsepower-hour. • 

As regards the boiler , ' since ' the intake- temperature 
of the water may be assumed to be that • bf the condenser , 
or 81^C (177. 8°F.), which corresponds "to a. thermal content 
of 81 calories, it should impart to the fluid, for every 
horsepower-hour, a quant i ty • of heat equal to • " 

5.75 (501-01) = 2415 calories. • ' ' 

The "iianuale dell 'Ingegnere " of Colombo (1929 edition) de- 
scribes the Benson serpentine boiler which generates steam 
at the critical pressure with an efficiency of 90^, vTe 
will therefore assume that, in the special case under 
consideration, it is possible to attain an efficiency of 
85^. In this case the heat produced per horsepower-hour 
amounts to 2850 calories. * If, therefore, naphtha with a 
calorific value of 10,500 calories is used, the fuel con- 
sumption with such an engine will be about 0.271 kg 
(0.597 lb.) per horsepower-hour, a little greater than 
that previously indicated, but s'till satisfactory, espe- 
cially on account of the smaller weight of the engine in 
question. 

Lastly,, Let us consider the condenser. In present- 
daiy stationary .plant's, the normal vacuum is -95^'. ■ TTe have 
assumed, however, a vacuum of only 50^ beca,use, in the case 
under consideration, it is more convenient not to reduce 
the pressure and temperature too much, so as not to be 
obliged to adopt very thick walls. e.nd excessive radiating 
surfaces. This does liot prohibit us, however, from reduc- 
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ing the pressure .and. t.emperature. i-nside. the condenser, 
V7hen they are reduced externally .w.ith increasing , alt i t\ide . 

Under the. given, condit-ions - the mean t emper ature . i s 
about lO^C- (18^F.) highe.r -than in the .radiators of ordi- 
nary explosion- engines i ^Taking into account, therefore, 
the lower coefficient of external heat transmission of 
the steam, as compared with water, and the greater thick- 
ness of the walls- of the condenser in comparison with the 
radiator walls, it may he .assumed that* the heat dispersed 
PQr unit of .time and surface area- is approximately the 
same in "both cases. The comparison oetween the two sur- 
face areas i s . theref or e made on- the "basi s of the quantity 
of heat t p -be . di sper sed . In the case of the condenser 
and on the . "basi s of the ahoye-ment ioned data, we have 

5.75 . (356-81) = 1580 calories 

for every hor sepower-rhour while,, .in the case of. the radi- 
ators, we have only ahout 500 calories. Hqnce, with eqxial- 
ity of power., the surf ace. area.- of the condenser of a steam 
engine must. he ahout three times as great as' that of the 
•radiator of an explo sion engine . • The ratio between the 
weights may be assumed to be about four. 'These values are 
ra,ther large, but not prohibitive. 

As regards the complete engine, it may b.e .assumed 
that the at t ainment . of the critical- pressure and the rel- 
atively high pressure in the condenser enable a saving of 
25^ in weight as compared with the weight of the. super-r^ 
heated steam, engine* at a relatively low pressure and that, 
therefore, the total weight may.. be reduced, without ex« 
cessive difficulty, to 3 kg (5. 6 .1b.) per horsepower." 

Di sr ega.rding. the interesting disposition of the vari- 
ous parts of the steam engine proposed by .Colonel Raf- 
faelii, we^ agree with- him- that great improvement, in high- 
altitude flight is possible, by using steam' e.ngines. 

Of course this is not the complete solution of the 
problem, which can be obtained only .through jet propul- 
sion. Even with steam engines, it is possible* to. keep 
the power constant, o.r increase it .slightly with increase 
in altitude, but.it is .certainly not possible .to keep the 
traction constant, or. -to ..Increa-s.e .the pow.er. in proportion 
to the velocity. .3y adopting steam . engines , we will 
therefore have an airplane ceiling. Moreover, in order 
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to keep thepower- co.nst.ant at any al ti tude , it is neces- 
sary to use. variabTe-pi t ch propellers. 

We now . see. what results, can be obtained with an en- 
gine having the above-m.entioned chara.cteris.tics, namely,, 
a weight o^ S.kg./hp. .(6. 6 lb. -./hp) and a fuel consumption of 
G,27 -fcg (0.5.95 lb.,) per ..hp.rsepower-hour . Referring to 
the hypatheticul. (engine , ..with the principle of which .we 
are -nw' occupied-,' we' assume the • insta.llat.i on of a specif- 
ic power-*6f -80 hp./toh (10.00 kg or .2205 Ih,), with which 
the weight of the engine :.woulci increase to about one-, 
fourth the total weight- of the. airplane. Assuming' that 
the propeller .has an efficiency of 75^, the disposable 
power becomes 60 hp/ton, with which it is possible to ac- 
quire a speed of over '230 km -(143 miles) per hour at an 
altitude of over 12,000 m (39,3.70 ft.). (Fig. 2.) The. 
•fuel consumption per ton-kilometer is then 

80 X 0.27 -r' 230.= 6.094 kg (0.207 Ib.)^ 

In order to. obtain the sa-me speed at sea level, 152 hp/ton 
would be necessary; and assuming a propeller efficiency of 
SO^'j, 190' hp/ton would be required. ^ith .a specif ic fuel 
consumption- of 0.23 kg (0.507 lb.) per hpr sepowerr-hour ., 
the consumption per ton-kilometer would be 

190 X 0.23 ^ 230 = 0.19. kg (0.42 lb.), 

or about double, the preceding. 

In the latter case, however, the weight of -the en- 
gine, wnich is assumed to be of the explosion type, 
amounts to about 15^ of the weight of the airplane,, or 
about 10^ less than in the preceding case. This differ- 
ence corresponds, in the first airplane, to a difference 
of about 1000 km (621 mi.) in flight range. 

If, therefore, both. airplanes have a flight range of 
1000 km (621 mi.) "^^'^^y can carry the same commercial load, 
the first one having a fuel consumption of one-ha.lf as 
much p.s the' second. For longer flight ranges, the former 
can. carry a commercial load even greater than that of the 
latter and theref ore the economic "benefii i s • in.creased . 
For.' shorter f light * range s , however,' the benefit is dimin- 
ished... The I'pwer cost" of naphtha,- as compared with the 
cost of .gasoline, .should also be taken into account . . 
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■ Wit-h the •game specif-.ic power, the oiily way to in- 
crease the speed is -to .in.c:;reas'e t:he efficiency, of the air- 
plane. Aside from increasing the efficiency, it is hec- 
* e's" sary -to "reduc'e 'the .-.weight of . the eng.i-ne,, . in. . order t o 
^redAice the ratio . of • th.e specific lue-l. ';C.ons=ump t ion to the 
commercial "lo^d-. Nothing .can "be ^acccmpl ished in this di- 
rect ion' "by r^e'ducing .the .-wing loading.; -In fact, with equal 
efficiency,' as follows from equation. (2 )• the necessary 
"specific jiowef is kept pr oport ional t o t Jie speed alone', 
ahd'th^r ef ore ♦!* emaiiisi constant for the same efficiency, 
and'^siJeed,^ "whatever the "wing loading -.inay -.he. Any^ reduc- 
tion -in* the 'latter- incr.eases the/ flight altitude, . which 
ij^-' tiVe variable f-actor* . .. 

* *' It- can'" lildeed" "be .'observed that, "with a reduction in 
the wing loading- and consequent increase in the wing area,, 
the structural • drag diminishes and the efficiency, in- 
creases. On the other hand, the weight of the airplane 
is increased, which, o'f cour s e , . r e.duc es its carrying ca- 
pacity. It is therefore necessary, from time to time, to 
det ernin-e the best wirig loading.. 

• We have present ed .th:e::problem /from tiie .commercial 
vi ewpdi'rit', ■ c oncluding. .that' the ' ec onomical .benefit.' froui the 
use of stearn "engines' incr eas es . with - incr eas.e of flight 
range, while it may be absent or negative for short flight 
also that the; i;iaximum .speed and the specific consumption 
are only slightly affected by the wing loading. 

Examination from military and sci-eritific viewpoints 
•leads to different conclusions.. In fact, from these view- 
points, ■ g?reat . imp.pri^ance . attaches', t o the- highest attaina- 
ble altitude, which is greatly affected by the wing load- 
ing i" while the anoua;it" of the usefiil load may sometimes be 
of ■ seco.ndar.y." importance'... .Disregarding the propeller, 
which is supposed to be adapted to the flight conditions 
under consideration, the attitude* corresponding to the 
maximum 'ait itude is .the. one corresponding to the minimum 
pov/er required for. -flight at sea level.. ■ 

Setti.rning' to our hypo.thet ical airplane, we find that ^ 
the attit.?i4e in que^stion, with a wing loading of 50 kg/cm ' 

..(.711 ■.rb-./s.q. in.-) corresponds to* a speed of 98 km (61 mi.) 

■'p.er ::houi* ' ^nd- a specif ic .p'owe 'of 27 hp/ton. (Fig.2 . ) 

- flf ;:this.:';att itude:-;is constantly raaintained, * the necessary 
spsicific. power will "be as .before proport iOnal • t o the 
speed, but independent of the attitude and of the wing 
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loading! If, therefore, it is. assumed that we have; in 
the case considered, 100 Hp installed and 75 hp effective 
per metrid ton, with the weight of the engine equal to 
about 0,3 of the total weight of the. airplane, the maxi- 
mum speed will he 

98 X 75 ;r 27.= 2-72 km (169 miles) per hour. 

If we introduce into equation (1), on the other hand, 
V = 272 km/h = 75,55 m/s and " Cp = 0.55, the latter be- 
ing the coefficient of lift corresponding to the at.titudo 
of minimum power, then 

q =• 3140 P S = 392.5 8 S,: . ' ' 

from which * ' ' 

6 ;== b-.00255 q/S. . • 

Therefore the relative density of the e.tmosphere dimin- 
ishes, or the highest attainable altitude increases,, with 
the reduction in the wing loading. :* The . obtainable, re- . 
suits a,re 'as follows. 

Wing loading, ' QS ' 50 . ... 40 . . 3.0 .. 28.25- 

Relative density-, 6 0..128 0.102, - 0.0765 . •O,07"2 . 
Altitude, m* 16,300 17,800 19,600 20,000 

Theoretically, ther ef or e ,". the maximum attainable altitude 
is not limited. Practi cally, however , the wing loading- 
and, pohsequently , the altitude are limited by the weight 
of the airplane. It is known" that ,. in the case under;con- 
sideration-, it is possible to reach an. altitude of 20,000 
m (65,617 ft.) with a wing loading of 28.25 kg/m^ (5.79 
lb. /sq.ft.), which is not, too low. 

We will now mention the .aerodynamic characteristics, 
which a high-altitude airplane should have. From equa- 
tions (3) and (4), af ter . eliminating . V, we obtain* 

Q y y p s 

In order to reach the. maximum altituie with unimpaired 
power, it is therefore necessary, as al'r.Ba.dy 'seen , to re^ 
duce to the minimum the wing loading q/S and the coefii 

*m X 3,28083 = ft. 
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As ve have cilrea.dy seen, it. is the.n . important. . to have the 
maJJcinmin e'f f iciVhcy ,* '\ . ' ■ / / 

Hence 'the polar of a good high-^altitude ^ airplane must 
have a very small coefficient of power a,nd a very great 
efficiency, and resernhlp;, in this respect; the polars of 
long-»di stance airplanes. The polar in Figure 1 is almost 
ideal. It closely resembles, however, the polars- of the 
most recent long-^di st ance airpl^^^nes from which it was de- 
rived. As shown by the figure, the coefficient of power 
hai-^dly : reaches- the .value of Gil with-, a- lift coefficient 
.of 0.55. .The. efficiency hoWQV.er , axceqa^.. 14 for C' = 
0,45.« - One .note s • a .rather high maximum lift coefficient 
and p. small variation of the drag c opf f i ci ent . in .. t erms ' of 
the lift, which indicates the adoption of a. highly cam- 
bei'ed -and much elongated wing, ' Ihe minimum coefficient "of 
di^^igi howeveii:, ib not lowdi* 'tha,ri the norna.1 , but this doe^ 
not affect- the .par ticular use of airplanes not.- designed- /•* 
for high speeds at low e.ltitudes. 

In order to ob'tain the above-mentioned charact eri s-- 
tics, i t* i s . thereforei necessary , fir st. of all,-to have 
wings with, a .high lift ...coefficient j even though their pro- 
file drag is not. very small. ■ In • the second -place , it, is. 
necessary to .ha.ve wings with a large aspect ratio. Lastr 
ly, the structural drag, must .be . reduced to a-minimum. 

*Sefore finishing this brief survey of the problems 
encountered in high-altitude f light ,,. we ' will cdll atten- 
tion to., the problem of hermetically sealing . the -cabin. 
Abcy.e . a certain altitv.de, it is no longer sufficient to 
resort to oxygeri .inhalers .and -.ele ctrically heated gar- 
ments, but it is necessary to create for the pilot and 
passengers a habitation, in which the conditions of pres- 
sure and temperature, if not the same as at sea level, 
shall at least be those of "an altitude "at which one Cc?.n 
live without discomf or t , . .Such w^s the. case. of Piccard in 
his i^trato spheric balloon.,.. . . ' 
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Tlie German firm of Jiank^rs, vrliich has recently con- 
structed an airplane with which it is hoped to reach an 
altitude of 20,000 m (65,517 ft.)*! i^as encountered seri- 
ous difficulties in ohts^ining the impermea'bili ty of the 
cabin* After long exper iiaontation , it has "been compelled 
to adopt double windows and doors with special glass 1 era 
(0.39 in,) thick with an intervening space of 7 cm (2.76 
in»). The seriousness of this last proolom resides in the 
fact that the accidental breaking of a window would en- 
tail the almost instantaneous death of the pilot and pas- 
sengers through embolism of the brain and heart. 

Translation by Dwight H, Miner, 
National Advisory Committee 
for Aeronautics, 
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Fig.l Lift coefficient of airplane plotted against drag coefficient. 
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Pig. 2 Specific power in hp/metric ton plotted against speed. 



